(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



I 



(12) 



(H) EP 1 176 440 A1 
EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) intci* G02B 6/36, B23K 26/32, 


30.01.2002 Bulletin 2002/05 


C03C 27/04, G02B 6/42 






(22) Date of filing: 20.06.2001 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Dautartas, MIndaugas Fernand 


NIC NL PT SETR 


Blacksburg, Virginia 24060 (US) 


Designated Extension States: 


• Walters, Frank Stephen 


AL LT LV MK RO SI 


Kutztown, Pennsylvania 19530 (US) 


(30) Priority: 28.07.2000 US 628063 


(74) Representative: Perkins, Sarah 


Stevens, Hewlett & Perkins Halton House 20/23 


(71) Applicant: Agere Systems Optoelectronics 


Holborn 


Guardian Corporation 


London EC1N2JD(GB) 


Orlando, Florida 32819-8698 (US) 





(54) Compression bonding method using laser assisted heating 



(57) A method for bonding an oxide-containing 
member (8) to an aluminum surface (11), includes the 
steps of: providing a substrate (7), wherein a portion of 
a surface of the substrate has aluminum thereon; posi- 
tioning an oxide-containing member on the aluminum 
surface of the substrate; and bonding the oxide-contain- 



ing member to the aluminum surface by pressing(12) 
the oxide-containing member against the aluminum sur- 
face while simultaneously heating the interface between 
the oxide-containing member and the aluminum sur- 
face. The interface between the oxide-containing mem- 
ber and the aluminum surface is heated with a laser (21 ). 
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Description 

Field of the Invention 

[0001] This invention relates to compression bonding 
methods, and more particularly to methods for bonding 
optical elements such as glass optical fibers and glass 
lenses to aluminum. 

Background of the Related Art 

[0002] Optical communication systems typically in- 
clude a variety of optoelectronic devices (e. g., light 
sources, photodetectors, switches, modulators, amplifi- 
ers, and filters). For example, in the optical communica- 
tion system 1 shown in figure 1 , a light source 2 gener- 
ates an optical signal. The optical signal comprises a 
series of light pulses. The light pulses are transmitted 
from the light source 2 to a detector 5. Typically, an op- 
tical fiber 4 transmits the light pulses from the light 
source 2 to the detector 5. The optical fiber 4 preferably 
has amplifiers (not shown) and filters (not shown) posi- 
tioned along its length. The amplifiers and filters propa- 
gate the light pulses along the length of the optical fiber 
4 from the light source 2 to the detector 5. 
[0003] The light pulses propagated from the light 
source 2 to the detector 5 are typically coupled from the 
optical fiber 4 to the optoelectronic devices (or vice ver- 
sa) with an optoelectronic module. A schematic view of 
an optoelectronic module 6 useful for coupling light puls- 
es from an optical fiber to an optoelectronic device is 
shown in figure 2. 

[0004] The optoelectronic module 6 includes a sup- 
port 7, a lens 8, an optical fiber 9, and an optoelectronic 
device 10. The lens 8 couples the light between the op- 
tical fiber 9 and the optoelectronic device 10. 
[0005] The lens 8 and the optical fiber 9 are typically 
made of glass. The support 7 is typically made of silicon. 
Silicon etches preferentially along predictable crystallo- 
graphic planes, so grooves, cavities, and alignment in- 
dentations suitable for supporting the lens 8 and/or the 
optical fiber 9 are easily formed by masking and etching 
various surfaces of the silicon support. The lens 8, the 
optical fiber 9, and the optoelectronic device 1 0 are pref- 
erably bonded to the support 7. The optoelectronic de- 
vice is typically soldered to the support. In one tech- 
nique, the lens and/or the optical fiber is bonded to the 
support with an adhesive such as an epoxy. However, 
epoxies potentially provide a source of contamination 
for the optoelectronic module. For example, epoxies 
typically outgas solvents, which will not allow hermetic 
sealing of the optoelectronic package. Furthermore 
these solvents can be absorbed by the facet coating of 
the optoelectronic device leading to eventual failure of 
the coating and device. 

[0006] Alternatively, the lens and/or optical fiber are 
bonded on the support using thcrmo-comprcssion 
bonding, as shown in figure 3. in thermo-compression 



bonding, the grooves and cavities used to support the 
lens or the optica! fiber are coated with a layer of alumi- 
num 1 1 . Thereafter, the lens and/or the optical fiber are 
bonded to the aluminum surfaces of the support by ap- 

5 plying pressure 1 2 and heat 1 3 to the interface between 
the lens and/or the optical fiber and the aluminum layer. 
For example, a force greater than about 1 000 grams ap- 
plied for more than 30 seconds at a temperature be- 
tween about 350 °C to about 400 °C is typically required 

10 to bond a glass lens to an aluminum coated silicon sup- 
port. 

[0007] Heating the support at temperatures between 
about 350 °C to about 400 °C for times greater than 30 
seconds potentially affects the solder bonds used to 

15 bond the optoelectronic device to the support. For ex- 
ample, AuSn is typically used to bond optoelectronic de- 
vices to the silicon support. AuSn flows at a temperature 
of about 285-330°C t so optoelectronic devices attached 
therewith potentially move as the solder attaching them 

20 reflows. Additionally, many lenses are coated with an 
antireflective (AR) coating. The AR coatings reduce re- 
flections off of surfaces at a wavelength determined by 
the properties of the coating. Forces greater than about 
1000 grams potentially fracture the AR coatings on the 

25 lenses, causing some bonds (about 5-1 0 %) to have low 
bond strengths. 

Summary of the Invention 

30 [0008] A method for bonding an oxide-containing 
member to an aluminum surface, comprising the steps 
of: providing a substrate, wherein a portion of a surface 
of the substrate has aluminum thereon; positioning an 
oxide-containing member on the aluminum surface of 
35 the substrate; and bonding the oxide-containing mem- 
ber to the aluminum surface by pressing the oxide-con- 
taining member against the aluminum surface while si- 
multaneously heating the interface between the oxide- 
containing member and the aluminum surface, wherein 
40 the interface between the oxide-containing member and 
the aluminum surface is heated with a laser. 
[0009] Desirably, the interface can be heated by a re- 
sistive heater to a temperature below the melting point 
of the solders of the assembly and localized heating via 
45 the laser light can be used to reach the final temperature 
for bonding without affecting the solder bonds already 
in place on the substrate. 

Brief Description of the Drawing 

50 

[0010] Other objects or features of the present inven- 
tion will become apparent from the following detailed de- 
scription considered in conjunction with the accompa- 
nying drawings. It is to be understood, however, that the 
55 drawings are designed solely for purposes of illustration 
and do not serve to limit the invention, for which refer- 
ence should bo made to the appended claims. In the 
drawing: 
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Fig 1 is block diagram of a portion of a typical optical 
communication system which may utilize the inven- 
tion; 

Fig 2 is a schematic view of a typical optoelectronic 
device which may utilize the invention; 
Fig 3 is a schematic illustration of a thermo-com- 
pression bonding process; 
Fig 4 is a schematic illustration of laser heating of 
an optoelectronic device in accordance with an em- 
bodiment of the invention; 

Fig 5 is a schematic illustration of laser heating of 
an optoelectronic device in accordance with an al- 
ternative embodiment of the invention; and 
Fig 6 is a schematic illustration of an apparatus 
which may be used to practice the present invention 
with one embodiment. 

Detailed Description 

[0011] As illustrated in Fig 4, a substrate, 7, is provid- 
ed. The substrate is made of a material suitable for mak- 
ing an optoelectronic module such as silicon. The sur- 
face of the substrate optionally includes V-grooves, e. 
g., 20, in which components can be mounted. 
[0012] At least a portion of the surface of the sub- 
strate, in this example the walls and bottom of the V- 
groove, has a layer of aluminum, 11 , thereon. The layer 
of aluminum preferably has a thickness greater than 
about 2 urn. 

[0013] An oxide-containing member, in this example 
a lens 8, is positioned on the aluminum surface of the 
substrate. The oxide-containing member is preferably 
made predominantly of silicon dioxide. Suitable exam- 
ples of the member include glass lenses and glass op- 
tical fibers. 

[0014] Thereafter, the oxide-containing member is 
pressed against the aluminum surface of the substrate 
with a force, 12, sufficient to hold it thereto. Forces of 
about .5 Kg to about 1 Kg are sufficient to hold the oxide- 
containing member against the aluminum surface of the 
substrate. 

[0015] As the oxide-containing member is pressed 
against the aluminum surface of the substrate, a beam 
from a laser, 21 , is directed at the interface between the 
oxide-containing member and the aluminum surface. 
Directing the laser beam at the interface between the 
oxide-containing member and the aluminum surface 
bonds the oxide-containing member thereto. The laser 
is directed onto the interface between the oxide-contain- 
ing member and the aluminum surface preferably by fo- 
cusing the laser beam through the substrate, as shown 
in figure 4. This arrangement is preferable when using 
a YAG laser, with a wavelength of 1 060 nm, on silicon 
substrates, which are transparent at wavelengths above 
900 nm. 

[0016] Alternatively, the laser is directed at the inter- 
face between the oxide-containing member and the aiu- 
minum surface via a side angle or from the top as shown 



in figure 5. In this embodiment, the laser light is directed 
at the interface using an optica! fiber, 22. This arrange- 
ment is preferable for lasers with a wavelength of iess 
than 900 nm for example, solid state diode fiber lasers 
operating at 804 nm. 

[0017] The laser is preferably operated at an output 
power of less than about 5 Watts and with a beam width 
of 1 mm, focused to 2 jim. Such a laser output power 
and beam width is sufficient to heat only the interface 
between the oxide-containing member and the alumi- 
num surface without affecting other areas of the sub- 
strate surface. The laser is preferably operated using a 
pulsed-mode. In the pulsed-mode, the laser periodically 
emits light pulses. The light pulses are emitted at a fre- 
quency of about iKhz. 

[0018] If desired, the entire module can be heated in- 
itially by standard methods, such as a resistive heater, 
to a temperature below the melting temperature of sol- 
der used to mount the other components to the sub- 
strate. Localized laser heating could then be employed 
as described herein to raise only the localized aluminum 
layer to a temperature suitable for bonding the oxide 
member to the aluminum layer. 
[0019] Figure 6 shows a modified thermo-compres- 
sion bonder which may be utilized to practice the inven- 
tion. The standard bonder consists of thecollet, 30, used 
to position and hold the substrate, 7, and a resistive 
heater (13 of Fig 3) used to raise the temperature of the 
assembly. The upper collet, 31 , applies pressure, 12, to 
the oxide member, 8. An ultrasonic transducer, not 
shown, may be used to assist in applying pressure dur- 
ing the bonding process. Modification to the collet, 30, 
includes a hole, 32, in the bottom to accommodate an 
optical path through the substrate for bonding. Alterna- 
tively, a fiber laser is positioned at an angle consistent 
with focusing the beam through the oxide member to 
heat the bonding surface. 



1 . A method for bonding an oxide-containing member 
(8) to an aluminum surface (11), comprising the 
steps of: providing a substrate (7), wherein a portion 
of a surface of the substrate has aluminum thereon; 
positioning an oxide-containing member on the alu- 
minum surface of the substrate; and bonding the ox- 
ide-containing member to the aluminum surface by 
pressing the oxide-containing member against the 
aluminum surface while simultaneously heating the 
interface between the oxide-containing member 
and the aluminum surface, wherein the interface 
between the oxide-containing member and the alu- 
minum surface is heated with a laser (21). 

2. The method of claim 1 wherein the oxide-containing 
member is made predominantly of silicon dioxide 
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3. The method of claim 2 wherein the oxide-containing 
member is a glass optical fiber 

4. The method of claim 2 wherein the oxide-containing 
member is a glass lens 5 

5. The method of claim 1 wherein the aluminum sur- 
face has a V-shaped indentation (20) and the oxide- 
containing member is bonded to the V-shaped in- 
dentation. 10 

6. The method of claim 1 wherein the aluminum sur- 
face Is substantially flat. 

7. The method of claim 1 wherein the laser is operated *5 
in the pulsed mode. 

8. The method of claim 1 wherein the laser has a beam 
diameter of approximately 1 mm, 

20 

9. The method of claim 1 wherein the laser is a YAG 
laser. 

10. The method according to claim 1 wherein the entire 
surface of the substrate is first heated to a desired 25 
temperature, and then the interface between the ox- 
ide containing component and the aluminum is lo- 
cally heated by the laser to a higher temperature. 

1 1 . The method according to claim 1 wherein light from 30 
the laser is directed through the substrate. 

12. The method according to claim 1 wherein light from 
the laser is directed through the oxide containing 
component. 35 
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